Abstract
Introduction
Cardiovascular disease is the leading cause of mortality in India. [1, 2] United Nations Member States agreed on selected risk factor targets to reduce premature mortality from cardiovascular and other non-communicable diseases by 25% by 2025 and by one-third by 2030. [3] [4] [5] These risk factors for cardiovascular disease such as high systolic blood pressure, high fasting plasma glucose, high total cholesterol and high body mass index (BMI) contributed about twice as many disability adjusted life years in India in 2016 compared to 1990 according to the Global Burden of Disease Study. [6] A 2017 meta-analysis of 1.7 million individuals demonstrated an inverse association between socioeconomic position and premature mortality, highlighting social determinants as a key target for improving population health. [7] To achieve progressive global health targets, a better understanding of the sociodemographic patterning of cardiovascular disease risk factors is needed in rural India, where the majority of India's population resides. [4] To address this gap, we sought to describe the distribution and association between indicators of socioeconomic position and cardiovascular disease risk factors in a large, representative rural population in Himachal Pradesh, India.
Methods

Study population
We performed representative, community-based sampling from 2013 to 2014 of Solan district in Himachal Pradesh in northern India. [8] Solan district covers an area of 1,936 square kilometers consisting of mountainous terrain. Most of the district's population (N = 580,320 based on the 2011 Census of India) lives in rural, agrarian communities working as land cultivators or agricultural laborers. [9] In collaboration with the Government of Himachal Pradesh, 38 health sub-center areas surrounding 5 government health care facilities (4 community health centers, 1 regional hospital) were selected based on their proximity to the district health care facilities. Through house-to-house sampling, all non-pregnant, consenting residents of the health sub-center areas aged 20 years or older were enrolled in the study. Demographic, social, and medical history data were collected through household interviews in Hindi by trained field research teams using a standardized questionnaire entered on an electronic tablet. Standardized clinical examinations and point-of-care fasting capillary blood glucose finger stick sampling were performed in participants' homes. A subset of participants was selected by convenience technique to undergo venous blood samples for analysis of fasting lipid panel. Venous blood samples were analyzed in an accredited laboratory (Solan, India) that underwent external quality assessment. The study received approval from ethics committees of Centre for Chronic Disease Control (New Delhi, India) and All India Institute of Medical Sciences (New Delhi, India). All participants provided written informed consent prior to enrollment. The Indian Council of Medical Research, Medtronic Foundation, and National Heart, Lung, and Blood Institute funded the study and were not part of the design, analysis nor decision to publish.
Socioeconomic position
We collected self-reported data on participant education, participant occupation, household income, and household assets as indicators of socioeconomic position based on prior literature. [10] [11] [12] [13] [14] [15] The highest level of education obtained was used to characterize participants into four categories: primary school and below (up to class IV, literate with no formal education, or illiterate), high school (class V to IX), secondary school (class X to XII), and graduate and above (bachelor of arts, bachelor of science, bachelor of commerce, diploma, or professional degree). Occupation was categorized as not working (i.e. unemployed, retired, or student), homemaker (i.e. a person who manages the home), low skilled (i.e. manual laborer, rickshaw driver, carpenter, etc.), and skilled (i.e. farmer, business owner, teacher, etc.). Household monthly income was stratified into four quartiles of �5,000 Indian Rupees (INR), 5001-10,000 INR, 10,001-15,000 INR, and >15,000 INR. The number of participants reporting monthly household income of exactly 5,000 INR or 10,000 INR was large, leading to unequal distribution of participants across quartiles. We used principal components analysis to construct a wealth index of household assets with four ordered levels (low, medium, high, highest), which incorporated different household features (separate cooking room, type of fuel used, toilet facilities, water source) and assets (television, refrigerator, washing machine, microwave, mixer-grinder, DVD player, computer, car, motorcycle and bicycle). [10, 16] The components in the household asset score had a Kaiser-Meyer Olkin (KMO) statistic of 0.71. KMO values greater than 0.6 indicate that variables have enough in common to be utilized in a principal components analysis. [15] 
Cardiovascular disease risk factors
We collected data on tobacco use, alcohol use, physical activity, BMI, blood pressure, and blood glucose as cardiovascular disease risk factors. Self-reported current tobacco use included cigarette, beedi, cigar, tobacco chewing, or pan masala use in the past 6 months. Self-reported alcohol use included local spirits, beer and wine use in the past 6 months. Participants were categorized into low, medium, or high physical activity levels based on self-reported levels captured using the International Physical Activity Questionnaire. [17] BMI was calculated (weight/height squared) based on measured weight (Omron weighing scale HN-286; Omron Corporation, Kyoto, Japan) and height (seca 201 measuring tape, seca, Hamburg, Germany). We used international guidelines to define overweight (BMI 25.0-29.9 kg/m 2 ) and obesity (BMI � 30.0 kg/m 2 ) status. Blood pressure was measured in participants' homes by trained research staff using an automated measurement system (Omron HEM-7080 and HEM-7080IT-E; Omron Corporation, Kyoto, Japan) after the participant had been seated at rest for five minutes with participants' feet, back, and arm supported. Two discrete blood pressure measurements were obtained, and a third measurement was obtained if there was a difference of 10 mmHg in the systolic blood pressure measures or 5 mmHg in the diastolic blood pressure measures. The mean of the blood pressure measurements (first and second measurement, or second and third measurement if assessed) was used in the analysis. Hypertension was defined as measured blood pressure �140/90 mmHg, on blood pressure lowering medication, or self-report during the household questionnaire assessment. We performed a sensitivity analysis defining hypertension based on measured blood pressure �130/80 mmHg based on thresholds derived from a recent clinical practice guideline update, use of blood pressure lowering medication, or self-report during the household questionnaire assessment (S1 Table) . [18] Diabetes was defined as fasting capillary blood glucose �126 mg/dL, on hypoglycemic medications, or self-report during the household questionnaire assessment.
Statistical analysis
We performed statistical analyses using Stata version 14 (StataCorp, College Station, TX, USA) and created figures using R software (version 3.3.2; R Foundation, Vienna, Austria). Missingness of participant data was low (3.9%), and we performed a complete case analysis as a result. We summarize sociodemographic characteristics and present categorical variables as frequencies with proportion (%) and continuous variables as means with standard deviation (SD). There was no collinearity between the exposure variables of participant education, participant occupation, household income, and household assets, which we evaluated separately as others have done. [19] We performed hierarchical multivariable logistic regression, adjusting for age, sex, and clustering of the health sub-centers to account for potential clustering of exposures and outcomes at this level, to evaluate the cross-sectional association of each socioeconomic position indicator and each discrete cardiovascular disease risk factor. We also performed multivariable logistic regression to evaluate the cross-sectional association of each socioeconomic position indicator and number of abnormal cardiovascular disease risk factors. We used linear regression to evaluate the cross-sectional association of each socioeconomic position indicator and systolic blood pressure, fasting plasma glucose, BMI, total cholesterol and HDL cholesterol. We present the unadjusted model, model adjusted for age and sex, and model adjusted for age, sex, and clustering of the health sub-centers to account for potential clustering of exposures and outcomes at this level. A two-sided p value <0.05 defined statistical significance.
Results
We enrolled 40,017 participants. We excluded 1,560 participants (3.9%) with missing data in the exposures or outcomes to arrive at a complete case analysis of 38,457 participants. The characteristics of participants with missing data are presented in S2 Table. A greater proportion of excluded participants with missing data had primary school and below education (24.7% vs 20.3%, P <0.001), household income less than or equal to 5,000 INR (34.8% vs 29.9%, P <0.001), and low household assets (33.8% vs 24.7%, P <0.001). There were no differences between excluded and included participants in current tobacco use (12.2% vs 11.0%, P = 0.12) and current alcohol use (8.3% vs 7.5%, P = 0.24).
In the complete case analysis, 57.0% were women, and the mean (SD) age of participants was 42.7 (15.9) years (Table 1 ). For education, 44.3% of men and 32.4% of women had completed schooling up to secondary school. Mean (SD) years of formal education were 9.5 (4.5) years and 7.4 (5.2) years among men and women, respectively. For occupation, most men were not working (51.3%), and 34.5% reported having skilled jobs. Most women (85.6%) were homemakers, and 3.8% reported having skilled jobs. For monthly household income, 29.9% reported earning �5,000 INR and 35.3% reported earning between 5,001 and 10,000 INR. More men than women reported using tobacco (23.2% vs. 1.8%, P <0.001) and alcohol (17.3% vs <1%, P <0.001). More women than men were overweight (19.1% vs 15.1%, P <0.001) and obese (5.8% vs 2.9%, P <0.001). One out of every five participants (21.2%) had hypertension, and 4.4% had diabetes. The distribution of cardiovascular risk factors by education of participants is shown in Table 2 . Substance use follows an inverse, graded pattern with tobacco and alcohol use higher in men with lower education. After age-, sex-, health sub-center-adjustment, the odds of tobacco (OR = 0.11, 95% CI 0.09, 0.13) and alcohol use (OR = 0.42, 95% CI 0.32, 0.55) were lower in participants with graduate school and above education compared to primary school and below (S3 Table) . Among women with lower educational attainment, mean systolic blood pressure and mean total cholesterol levels were higher. There was an inverse, graded pattern between lower educational attainment and higher, unadjusted prevalence of hypertension (30.2% men and 33.8% women with primary school and below schooling versus 21.3% men and 8.7% women with graduate school and above, P <0.001). However, after adjusting for age, sex, and health sub-center clustering, the odds of hypertension was highest in participants with graduate school and above compared with primary school and below education (OR 1.39, 95% CI 1.19, 1.62, S3 Table) . A similar, inverse graded pattern was observed for women with lower educational attainment and higher, unadjusted prevalence of diabetes. After adjusting for age, sex, and health sub-center clustering, the odds of diabetes was highest in participants with graduate school and above (OR 2.15; 95% CI 1.59, 2.90; S3 Table) . Although no consistent patterns were observed with the distribution of cardiovascular disease risk factors by occupation of participants, low skilled men had higher prevalence of current tobacco (27 Table) .
The distribution of cardiovascular risk factors by monthly household income of participants is shown in Table 4 . Among participants reporting monthly household income of �5,000 INR, tobacco and alcohol use rates were higher than in other groups. On the other hand, among households with monthly income >15,000 INR, obesity (6.7% versus 3.6% in households with monthly income �5,000 INR; adjusted OR 1.89, 95% CI 1.63, 2.19), hypertension (24.5% versus 19.3% in households with monthly income �5,000 INR; adjusted OR 1.27, 95% CI 1.13, 1.41) and diabetes (6.2% versus 3.5% in households with monthly income �5,000 INR; adjusted OR 1.59, 95% CI 1.31, 1.92) prevalence rates were higher compared to the lowest income group (S5 Table) . h Defined as measured blood pressure �140/90 mmHg, on blood pressure lowering medication or by self-report. i Defined as fasting capillary blood glucose �126 mg/dL, on hypoglycemic medications or by self-report.
The distribution of cardiovascular risk factors by household assets of participants is presented in Table 5 . Both tobacco and alcohol use were highest in participants with low household assets (17.1%, and 9.4%, respectively). The proportion of participants who were overweight and obese was higher with higher levels of household assets. Furthermore, there was a graded pattern in hypertension with higher levels of hypertension in participants with highest household assets (24.9% versus 17.9% in low household assets; adjusted OR 1.42, 95% CI 1.28, 1.57, S6 Table) . Diabetes prevalence followed a similar graded pattern with higher levels of diabetes in participants with highest household assets (6.9% versus 2.6% in low household assets; adjusted OR 2.32, 95% CI 1.85, 2.92, S6 Table) .
The age-, sex-, and health sub-center-adjusted association between education, occupation, household income, and household assets and number of cardiovascular disease risk factors is illustrated in Fig 1. The odds of having 3 or more cardiovascular disease risk factors was highest in participants whom were low skilled workers (adjusted OR 1.79; 95% CI 1.27, 2.52) or had highest household assets (adjusted OR 1.54; 95% CI 1.19, 1.98). The age-, sex-and health sub-center-adjusted linear association between education, occupation, household income, and household assets and continuous measures of systolic blood pressure, fasting capillary glucose, BMI, total cholesterol and HDL cholesterol are illustrated in S1, S2, S3, S4 and S5 Figs respectively. Higher socioeconomic position measured by household assets had the largest, most consistent associations with BMI and total cholesterol followed by fasting plasma glucose and systolic blood pressure. Sensitivity analysis on the association between socioeconomic position indicators and hypertension based on measured blood pressure �130/80 mmHg, on blood pressure lowering medication, or self-report during the household questionnaire assessment demonstrated a consistent direction of effect as hypertension defined as measured blood pressure �140/90 mmHg, on blood pressure lowering medication, or self-report during the household questionnaire assessment (S1 Table) .
Discussion
In this large, representative rural population in Himachal Pradesh, India, we observed mixed patterns between the association of socioeconomic position and cardiovascular disease risk factors. Low socioeconomic position as measured by education, household income, and household assets was associated with abnormal behavioral risk factors of tobacco and alcohol use. In contrast, high socioeconomic position as measured by education, household income, and household assets was associated with abnormal clinical risk factors of obesity, hypertension, and diabetes. There was no consistent pattern amongst occupation and cardiovascular disease risk factors in rural Himachal Pradesh, which may be due to high rates of not working or homemaker status. There are multiple, complex facets to socioeconomic position in rural India. Each socioeconomic position indictor reflects differing but related aspects of an individual's position in society that may affect health. [11, 20] For example, education as a categorical variable represents achievement of milestones (primary school, secondary school, etc.) and future earning potential but is susceptible to gender bias because women do not have equal access to education compared with men in rural India. [21] Further, occupation reflects social standing in society; however, homemakers, students, retired, and unemployed are often inadequately categorized. Self-reported monthly household income may be inconsistent as income can vary month to month in rural agrarian communities. Household assets reflect current material wealth and may not capture generational wealth. Other aspects of socioeconomic position including life course and neighborhood socioeconomic status are important, although were not measured in Fig 1. Age-, sex-, and health sub-center-adjusted association between education, occupation, household income, and household assets and number of cardiovascular disease risk factors. The age-, sex-, and health sub-center-adjusted association between socioeconomic position indicators of participant education, occupation, household income, and household assets and number of cardiovascular risk factors (tobacco use, alcohol use, low physical activity, obesity, hypertension, and diabetes).
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The Solan Surveillance Study this study. Evaluating multiple socioeconomic position indicators provides a more comprehensive representation of the social determinants of health in rural India, and national policies to reduce health disparities must simultaneously address multiple indicators. [22, 23] Our findings are consistent with prior literature on the high prevalence of modifiable, unhealthy behaviors such as tobacco and alcohol use among individuals with lower socioeconomic position. A 2017 systematic review including 75 studies representing 2,135,314 individuals from 39 lowincome and lower-middle-income countries demonstrated lower socioeconomic groups had a significantly higher prevalence of tobacco and alcohol use than higher socioeconomic groups. [24] Education was the strongest predictor of tobacco use compared to other socioeconomic position indicators; individuals with no formal education were 1.8 to 6.5 times more likely to smoke than individuals with at least a secondary education, which is congruent with our findings. [24] In a 2005 cross-sectional study of 4,535 adults in rural Andhra Pradesh, individuals with no education were more likely to be current smokers (57.7% vs 39.5%, P <0.001) and use alcohol (36.8% vs 25.5%, P <0.001) compared to those with some education. [12] Similarly, the prevalence of tobacco and alcohol use was more common in low socioeconomic position individuals in a cross-sectional surveillance report conducted from 2005 to 2007 of 1,983 individuals from rural villages in 18 states in India. [25] This social patterning of higher prevalence of tobacco use amongst the lower socioeconomic strata is consistent with other studies conducted in India and similar to this study's findings from rural Himachal Pradesh. [26] [27] [28] [29] [30] Tobacco use is one of the strongest modifiable risk factors for cardiovascular disease and causes the largest number of premature deaths in India. [29] [30] [31] This social patterning of higher tobacco use amongst individuals of lower socioeconomic position may be related to lower locus of control leading to higher initiation and consumption rates, and lower cessation rates due, at least in part, to lower affordability for tobacco cessation treatment. [32, 33] A deeper understanding of this social patterning can help develop targeted tobacco control efforts in India's resource-constrained health system. Our findings are also consistent with prior literature showing the high prevalence of clinical risk factors of obesity, hypertension, and diabetes among individuals with higher socioeconomic position in south Asia. [10, 12, 25, 34, 35] A 2015-2016 nationally representative sample from the National Family Health Survey (n = 757,958) demonstrated an 8.8-fold higher odds of obesity among individuals in the highest quintile of income compared with individuals in the lowest quintile, though the odds were lower when comparing other markers of socioeconomic position such as education or caste. [19] In a 2012 to 2014 nationally representative study of 1.3 million adults in India, being in the richest household wealth quintile compared with being in the poorest quintile was associated with higher probability of hypertension (4.2%, 95% CI 3.7%, 4.6%) and diabetes (2.8%, 95% CI 2.5%, 3.1%) amongst individuals living in rural areas. [35] A 2012 analysis using nationally representative cross-sectional data with 168,135 individuals in India demonstrated that those in the richest household wealth quintile had 2.6 (95% credible interval: 2.0, 3.4) times higher odds of having diabetes than the poorest household wealth quintile. [36] In a 2010 cross-sectional surveillance study of 1,983 individuals from rural villages in India, higher rates of overweight (men 25.4%, women 35.0%), hypertension (men 20.8%, women 25.3%) and diabetes (men 8.0%) were noted amongst rural participants with higher socioeconomic position, which parallels our findings of participants with highest household assets more likely to be overweight (23.3%), have hypertension (24.9%) and diabetes (6.9%). [25] The epidemiological transition of higher clinical cardiovascular disease risk factors amongst those with higher wealth has been studied in urban India, and our analysis suggests this transition may also be occurring in rural India where the majority of the country's population resides. [10] We present the linear association between socioeconomic position indicators and measured blood pressure, fasting plasma glucose, measured BMI, total cholesterol and HDL cholesterol, which is lacking in prior literature on cardiovascular disease risk factors in rural India. [12, 25] The current study showed a consistent step-wise increase in systolic blood pressure, fasting plasma glucose, BMI, and total cholesterol with higher wealth as measured by household income and household assets in rural Himachal Pradesh. Broad-based policies that support cardiovascular health promotion and primordial prevention, including best buys for preventing noncommunicable diseases outlined by the World Health Organization, may help prevent not only disease incidence but also risk factor development. These data might also help tailor interventions such as tobacco and alcohol cessation, dietary modifications or task-shifting for risk factor management with clinical decision support systems to target the highest risk groups. [37] Our study has several important strengths. We present data from a large, representative sampling frame of rural Himachal Pradesh. We used multiple indicators to characterize socioeconomic position and the association with cardiovascular disease risk factors compared to prior research. [12, 25, 26, 36] Furthermore, there were few missing data (3.9%) in the exposure and outcome data. We used objective measurements of anthropometry, blood pressure, fasting plasma glucose, and fasting lipid panel to define the cardiovascular disease risk factors, which have been demonstrated to be more accurate than self-report alone. [38] Our study also has important limitations. First, the exposures of participant education, participant occupation, household income, and household assets were assessed through selfreport and may be susceptible to reporting bias. However, triangulation of these self-reported data with objective measures of socioeconomic position on a sample this large would be infeasible, which supports the use of multiple indicators of socioeconomic position. Second, there may be unmeasured confounders such as unmeasured socioeconomic circumstances or behaviors that were not incorporated into our regression models and may influence the results. Third, we present data from one state in India, which may not be generalizable to the entire country but does offer novel insights. Fourth, the cross-sectional study design limits causal inference for the proposed relationships; however, previous research suggests that socioeconomic position has an independent, causal relationship with cardiovascular disease risk factors and cardiovascular disease driven by lifecourse exposure to deprivation leading to changes in behaviors, disease susceptibility, prevention, and treatment, and access to health care. [39] 
Conclusion
In this large, representative rural population in Himachal Pradesh, India, we observed mixed patterns between the association of socioeconomic position and cardiovascular disease risk factors. Individuals with lower socioeconomic position were more likely to have abnormal behavioral risk factors, and individuals with higher socioeconomic position were more likely to have abnormal clinical risk factors. Thus, context is essential in understanding the relationship between disadvantage and disease. We demonstrate that the patterns of higher prevalence of obesity, hypertension, and diabetes amongst the wealthier strata observed in urban India are also observed in rural India. [10] A better understanding of the social patterning of disease can guide cardiovascular disease prevention efforts to target higher risk groups in rural India. 
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